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ABSTRACT 
Decay resistance of fast growing pioneer wood species in Malaysia is still unknown due to lack of 
studies on them. Pioneer species trees can be utilize if its wood properties are known. Decay resistance 
is among the properties that need to be evaluated before proper utilization of fast growing pioneer 
species can be realized. The purpose of this study was to determine the decay resistance of some 
Sarawak' pioneer wood species based on weight loss, which was assessed by a modified ASTM soil 
block te t. Three fast growing pioneer species were selected, namely Duabanga moluccana, Dyera 
polyphylla and Endospermum diadenum. Hevea brasiliensis was used as control. The wood samples 
were Cllt into cubes of 19 mm. Cubes were exposed to three test fungi consist of two brown rot fungi, 
Ganoderma lucidum and Lenlinus sajorcaju, and one white rot fungus, Schizophyllum commune for six 
week. Average weight loss of all the woods were higher than 10% with Dyera polyphylla showed 
highest weight loss, 18.48% with Ganoderma lucidum, 15.20% with Lenlinus sajorcaju and 14.13% 
with Schizophyllum commune, while Endospermum diadenum at 14.16% with Ganoderma lucidum, 
12.97% with Lenlinus sajorcaju and 13 .14% with Schizophyllum commune, the least between the 
pioneer woods. Generally Duabanga moluccana and Endospermum diadenum have similar weight loss 
and this weight loss are lower than Dyera polyphylla . This study showed that the fast growing pioneer 
species wood of Duabanga moluccana, Dyera polyphylla and Endospermum diadenum are non-durable 
timber . 
Key words: Decay resistance, fast growing pioneer wood species, weight loss, brown rot, white rot, 
non-durable timber. 
ABSTRAK 
Ketahanan lerhadap kerepulan unluk kayu spesies perinlis di Malaysia masih tidak dikelahui kerana 
kurangnya kajian dijalankan ke alas kayu-kayu ini. Kewujudan spesies perinlis ini dapal digunakan 
sekiranya ciri-ciri kayu lersebul adalah dikelahui. Kelahanan lerhadap kerepulan adalah anlara cid­
dri yang perlu dinilai sebelum penggunaan yang belul lerhadap spesies perinlis ini dapal disedari. 
Tujuan kajian ini dijalankan adalah unluk menenlukan dri-ciri kelahanan lerhadap kerepulan ke alas 
kayu beberapa spesies perinlis Sarawak berdasarkan kepada kehilangan beral menggunakan kaedah 
kajian blok lanah ASTM yang diubah. Tiga spesies kayu perinlis yang dipilih adalah Duabanga 
moluccana. Dyera polyphylla dan Endospermum diadenum. Hevea brasiliensis, digunakan sebagai 
kawalan. Sampel kayu dipolong menjadi kiub bersaiz 19 mm. Kiub didedahkan kepada liga kulal 
kajian iailu duo kulal repul perang, Ganoderma lucidum dan Lenlinus sajorcaju, dan salu kulal repul 
pUlih. Schizophyllum commune selama enam minggu. Purala kehilangan beral unluk semua kayu 
adalah melebihi 10% dengan Dvera polyphylla mencalal kehilangan beral lerlinggi iailu 18.48% 
dengan Ganoderma lucidum, 15.20% dengan Lenlinus sa;orca;u dan 14.13% dengan Schizophyllum 
commune manakala Endospermum diadenum mencalaI14.16% dengan Ganoderma lucidum. 12.97% 
dengan Lenlinus sajorcaju dan 13.14% dengan Schizophyllum commune iailU yang lerendah di anlara 
ketiga-tiga spesies perinlis lersebul. Secara umumnya, Duabanga moluccana dan Endospermum 
diadenum mempunyai kehilangan beral yang sama dan kehilangan beral ini adalah lebih rendah dari 
Dyera polyphy/la. Kajian ini menunjukkan bahawa kayu spesies perinlis Duabanga moluccana, Dyera 
polvphylla dan Endospermum diadenum adalah balak yang lidak lahan. 
da kunci: Ketahanan lerhadap kerepulan, kayu spesies perintis, kehilangan berat.kulal repul perang. 




MaJaysian forest has been known to be one of the richest in tree species 
among the tropical rainforest world wide. There are at least 3000 species of trees 
recorded in Malaysia. About 2900 species attain a diameter of 10 cm at breast height 
(DBH), with 890 of these species reaching harvestable sizes of at least 45 cm dbh 
(Thang, 1988). About 677 species have been found to achieve a girth of 1.2 meters at 
breast height (Ani and Salamah, 1997). Forest products trade accounts for a high 
percentage of the country's national income. Since the end of economic slump in 
1985, foreign exchange from timber trade exportation and wood products has been 
drastically increasing from RM4760 million in 1986 to RM17.7 billion in 2000 
(Kementerian Perusahaan Utama, 1990, Forest Department Peninsular Malaysia, 
2000). 
Recent observations indicated an increasing use of small diameter tree species 
of so called lesser known species or less utilised species. Many of these species until 
quite recently were traded as mixed hardwoods and a number of them still have no 
local or vernacular names and have to be referred to by their family names (Ani and 
Salamah, 1997). However, there are very limited species of wood harvested as 
timbers. Only about 408 species have been harvested and marketed commercially 
using the Malaysian Grading Rules (Thang, 1988). There are still large number of 
non-commercial species trees, such as pioneer species, has not been fully explored for 




Pioneer species are plants which are well adapted to the harsh conditions of 
the injtial environment, allowing them to survive and thrive in environmentally 
stressful conditions. According to Whitmore (1998), they are highly heliophile, which 
are light loving or shade-intolerant, in reference to their seedling requirements for 
solar radiation. They established themselves by taking advantage of canopy light gap 
opened up by tree falls. Rapid growth, a feature of these species, enables them rapidly 
to form a new canopy suitable for more shade-tolerant species to colonize. 
Amongst pioneer species, different species attain different heights at maturity, 
the larger ones are longer-lived. There are three classes of stature for pioneer trees 
that is small, medium and large. Small pioneer trees stand from 2 to 7.9 meters tall, 
medium pioneer trees from 8 to 29 meters tall and large pioneer trees stand from 30 
meters and higher (Whitmore, 1998). A big gap is sometimes simultaneously 
colonized by pioneers of different mature heights. After the short-lived pioneers die, a 
taller canopy develops of the larger, longer lived ones, sometimes together with light­
demanding climax species that have become established. Majority of pioneer species 
trees composed of families from Euphorbiaceae, Malvaceae, Moraceae, Sterculiaceae, 
Tiliaceae, Ulmaceae, and Urticaceae. In Peninsula Malaysia, there are 26 species, 20 
of them can be found on the road side and 18 of them grow in cluster. In Borneo, 44 
species are recorded and most of them are similar to species found in Peninsular 
Malaysia (Whitmore 1975) but are totally different from 73 species of pioneer trees in 
New Guinea (Whitmore, 1998). 
In this study, three species of fast growing pioneer wood from different family 





durability. The species are Duabanga moluccana (Sawih! Berembang bukit) from 
Sonneratiaceae family, Dyera polyphylla (Jelutong) from Apocynaceae family, and 
Endospermum diadenum (Terbulan) from Euphorbiaceae family. For the distribution, 
Duabanga moluccana can be found in Sarawak widespread and locally frequent on 
well-drained but damp clay-rich fertile soils; apparently confined to habitats offering 
high light intensity in the young stages, especially in areas such as river-banks and by 
damp gulleys where wind breaks or land slips have occurred, forest-edges, logged­
over forests, road-sides, abandoned cultivation sites and also on limestone hills 
(Ashton, 1988 and Othman, 1995). Dyera polyphylla, it is locally frequent and even 
abundant in Mixed Peat Swamp and on ground water podsols in Heath forest. 
Although Dyera polyphylla are abundant in the forest, it occurs mainly as single trees 
dotted through the forest rather in clumps as it means of dispersal might anticipate 
(Ashton, 1988). For Endospermum diadenum, it is commonly found in the low land 
especially in the secondary jungle (Comer, 1988). 
All of these woods were classified into the light hardwood according to the 
Malaysian Grading Rules. This category of woods are classified as non-durable for 
their natural durability in the tropical climate, but some species of these woods are 
durable in the moderate climate region. However if appropriate preservation steps 
against wood deteriorating agents were taken, this class of woods are suitable for 
various common utilization in the tropical region. An extensive review of literature 
has shown that there is very little comparable data on the natural durability properties 
of many lesser-utilized tropical timbers where the little data available are either 
ncomplete, inadequate or the methods used for their determination are not stated 
(Brown, 1978; Anon, 1994). 
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The term durability in wood industry reflects the resistance of wood to many 
deteriorating factors such as insects, marine borers, weathering and decay fungi 
(Zabel and Morrell, 1992). The ability of the heartwood of anyone wood species to 
resist decay is said to be its 'natural durability' or alternatively its 'decay resistance' 
(Eaton and Hale, 1993). Timber species differ in performance when exposed to decay 
risks. According to Eaton and Hale (1993), the heartwood of some species such as 
teak (Tectona grandis) and green heart (Ocotea rodiaei) will last for decades in areas 
of high decay risk, other species need rapid conversion and drying after felling if the 
hazards of spoilage and! or decay are to be avoided, for examples birch (Betula sp.) 
and pine sapwood (Pinus sp.). Subsequent exposure of these perishable species in 
high risk in-service situations can result in total destruction in a matter of months 
rather than years. 
Decays are the major type of damage to wood in use and it essentially is the 
result of wood digestion by fungi (Zabel and Morrell, 1992). Fungi causing decay of 
wood and other cellulosic materials are simple plants that contain no chlorophyll. 
Unable to produce their own food, fungi must derive their energy from other organic 
materials. The growth of fungi depends on suitably mild temperatures, dampness, and 
oxygen (U.S. Forest Products Laboratory, 1974). The carbohydrate and lignin 
components of wood provide food for a wide range of fungi. The hyphae or mycelium 
of the fungi secrete enzymes that breaks the carbohydrate materials, and sometimes 
lignin, into simple sugar like compounds that can be utilized for energy through 
metabolized activities (Haygreen and Bowyer, 1989). 
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Only a limited group of fungi possess the enzymatic capability of digesting 
wood. Many important wood destroying fungi belong to the group known as 
Basidiomycetes (Findlay, 1967). These bear their spores on a structure called the 
basidium. Various groups of fungi attack the wood cell-wall constituents in different 
ways and sequences that result in several types of decay (Zabel and Morrell, 1992). 
According to Manion (1991), method of classifying decay types is based on the 
chemistry of the decay process and the modified appearance of the decayed wood. 
There are three main types of decays in wood; they are brown rot, white rot and soft 
rot. 
Brown rot fungi mainly attack and decompose the carbohydrates component in 
the cell-wall while the lignin remains unaffected (Negi, 1997; Zabel and Morrell, 
1992; Manion, 1991). Preferential decomposition of the carbohydrates, cellulose, and 
hemi-cellulose, would leave much of the brown-colored lignin rich residue to give the 
wood a brown appearance (Negi, 1997; Manion, 1991). According to Negi (1997), 
timber that has been affected by brown rot shrinks in an abnormal manner on drying. 
Thus this causes the wood to crack into typical cubical units. Brown rot is referred to 
as dry rot when it occurs in timber being used for the construction of buildings. 
White rot fungi, on the other hand, decompose all cell wall components. 
However, they may attack the lignin, cellulose, or hem i-cellulose in different orders 
whether the lignin is attacked first and the cellulose later on or both the lignin and 
cellulose are attacked more or less simultaneously (Negi, 1997; Zabel and Morrell, 
1992; Manion, 1991). The utilization or modification of chromogenic materials in the 
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wood results in a typical bleached appearance (Negi, 1997). The wood that is affected 
by white rot undergoes normal shrinkage. 
The third type of decay fungus, called soft rotter, is separated from others 
primarily on the selectively attack of the S2 portion of the cell-wall (Zabel and 
Morrell, 1992). They decompose largely cellulose and hem i-cellulose in localized 
pockets in the secondary cell-wall. This type of rot is usually superficial and occurs in 
thin pieces of wood exposed to extremely humid or moist conditions or in wood that 
is in direct contact with soil. Soft rot decay is characterized by surface softness and 
formation of hallow surface cross checking in the wood upon drying (Negi, 1997; 
Manion, 1991 ). 
The importance of timbers to Malaysian economic activities promotes more 
deforestation which lead to rapid depletion, scarcity and considerable price increases 
especially only a small number species of trees were exploited as timbers. This makes 
profitable logging and sustainable yield management difficult to attain (F AO, 1993). 
To reduce the pressure on cutting only few species of timber trees, the introduction of 
pioneer species is essential to supplement the supply of logs for years to come. 
Although there are many species of pioneer species trees can be utilize as timbers, 
their properties are still unknown due to lack of studies on them. Knowledge of 
complete properties and characteristics (physical and mechanical properties, natural 
durability and treatability) of the pioneer tree species must be determined first before 
it is establish as a commercialize timber for alternative sources of wood for various 
d uses. The properties and characteristics will show the ability of the pioneer 
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species wood to resist decay so that we can utilize it properly and prolonged the in­
service life of the wood. 
Hence, the objectives of this study are; 
(i) For determination of natural decay resistance of the three pioneer species wood 





MATERIALS AND METHODS 

2.1 Preparation of Wood Samples 
Wood samples used in this study were randomly cut from three species of fast 
growing pioneer trees. Two trees of Duabanga moluccana (Sawihl Berembang bukit) 
with 38.2 cm and 31.9 cm diameter at breast height (DBH), Dyera polyphylla 
(Jelutong) with 31.2 cm and 38.2 cm DBH, and Endospermum diadenum (Terbulan) 
with DBH of 32.3 cm and 28.4 cm were selected. While Hevea brasiliensis (Rubber 
wood) from Euphorbiaceae family with DBH of 32.6 cm and 28.5 cm was used as 
control blocks and for feeder strips. All wood samples were obtained from Sarawak 
where Dyera polyphylla and Endospermum diadenum were felled from secondary 
forest around UNlMAS campus while Duabanga moluccana and Hevea brasiliensis 
were from Sabal Agro Forest Reserve. These trees were approximately 25 years old, 
based on the fact that the areas were cleared for agriculture 25 years ago. 
Wood samples at breast height (1.3 meters above ground) were sawn into 
wood blocks of 19mm x 19mm x 19mm from the heartwood section, which was the 
portion that approximately extends across the outer one-third of the entire wood 
radius. Thirty samples replicate for each species except for Hevea brasiliensis, only 
15 samples replicate were cut. The sample blocks were randomized by mixing and 
first weighing (WI) was obtained from air dried samples for the calculation of wood 
samples moisture content. All samples then undergo conditioning process and dried to 
COI_mt or equilibrium weight in oven temperatures at 40°C for four days. Then the 
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samples were weighed again prior to sterilization and this becomes the initial weight 
(W2) where this is the basis for determining the weight loss caused by the decay . 
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Figure 1: Sampling procedures for wood blocks. 
Plate 1: Sample block of 19 mm x 19 mm x 19 mm. 
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2.2 Preparation of Fungi Inoculums 
Three species of fungi were used in this study. The fungi used consisted of one 
white rot fungus, Schizophyllum commune and two brown rot fungi, Ganoderma 
lucidum and Lentinus sajorcaju. Fungi strains were obtained from the division of 
Forest Products Technology, Forest Research Institute of Malaysia (FRlM). The 
media used to culture the test fungi was Malt Extract Agar (MEA). Agar media were 
prepared according to the followings: 
MEA powder - 33.6 grams 
Distilled water- 1 litre 
MEA powder was dissolved in distilled water thoroughly using heat. Then the agar 
solution was sterilized at 121°C for 15 min before pouring it into the Petri dishes. 
Each fungi species were cultured in five petri dishes and left for two weeks at 25°C 
and 70% relative humidity. Plugs of about 5mm2 from actively growing cultures were 
used to inoculate all sample blocks. 
2.3 Preparation of Test Plastic Bags 
Decay test was done in soil culture plastic bags. Soil was placed inside each 
bag until Y3 full or at approximately about 200 grams. Moisture content for the soil 
used in this test was 55.57% with pH of 6.3. Then all the bags, together with the 
rubber wood feeder strips (one strip in each bag) were sterilized by autoclaving it, at 
121°C for 20 minutes. This will kiU all microorganisms in the soil and strip to prevent 
any contamination during decay test. The plastic bags were left to cool before decay 







Plate 2: Soil culture plastic bag filled with soil, feeder strip and sample block. 
Decay Test 
The soil block test was conducted according to American Society for Testing 
and Materials (ASTM) Standard 0 2017 - 81 (1998) Standard method of accelerated 
laboratory test of natural decay resistance of woods with several modifications in the 
procedures. All the sample blocks were conditioned at 40°C until constant weight. 
After conditioning, the sample blocks were wrapped with aluminium foil prior to 
toclaving, which was done at 121°C for 30 min. Ten replicates of each species of 
sample blocks were exposed with each species of fungi. For H. brasiliensis. 
only five replicates were exposed. The inoculated blocks were incubated at 25°C for 
1 1 
six weeks. At the end of incubation period, the blocks were taken out from bag and 
the mycelium were brushed off from the blocks surface and finally dried at 40°C in 
the oven until all samples reaches its constant weight. Weight loss of the sample 
blocks were calculated from the difference of the weight of the blocks before and after 
incubation. 
1.5 	 Data Calculation and Analysis 
Samples weight loss will be calculated using this calculation: 
x 100 % of weight loss 
Where; 
W2 - sample weight before fungi exposure 
W3 - samples weight after exposed to the fungi 
Analysis of variance (ANDY A) on weight losses of the samples was done 
using two-way ANDY A to assess the differences of resistance to deterioration due to 
decay by the three test fungi. The two factors were wood species and test fungi. 
Further analyses of mean comparison were done using Bonferroni method. Bonferroni 
method was used because of its ability to analyze uneven data, which were used in 
this study. All statistical analysis was done using SPSS 11.5 for Windows. 
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